Introduction
============

Pulmonary tuberculosis is one of the major health problems worldwide \[[@B1]\]. In spite of much progress in diagnosis and therapy, this problem still remains. Moreover, there has been a resurgence of pulmonary tuberculosis recently, which is related to the HIV epidemic, multidrug-resistant strains, poverty, immigration, and shortness in the prevention and treatment system \[[@B2]-[@B4]\]. Endobronchial tuberculosis (EBTB) is a special form of pulmonary tuberculosis. About 10% to 40% of patients with active pulmonary tuberculosis had EBTB as reported in previous studies \[[@B5],[@B6]\]. The diagnosis of typical pulmonary tuberculosis is easily confirmed by bacteriological means and radiological findings. However, the diagnosis of EBTB is more difficult because of variable clinical manifestations.

One reason of EBTB assuming importance is the diagnosis is easily delayed and mistaken. The other is EBTB may cause a long term sequelae of bronchostenosis. The bronchostenosis is mainly determined by the extent of disease progression and closely related to the formation of granulation tissue \[[@B7],[@B8]\]. Once fibrostenosis already develops or extensive granulation tissue appears, remarkable bronchostenosis is inevitable despite of efficacious anti-tuberculosis chemotherapy \[[@B9]-[@B11]\]. The incidence rate of broncho stenosis may reach up to 68% in initial 4 to 6 months of the disease and rises further with the course of disease elongating \[[@B12]\]. Severe broncho stenosis may cause pulmonary complications such as pulmonary infection, atelectasis, bronchiectasis, and even death by inducing respiratory failure and asphyxia. Additionally, the bronchostenosis may cause intractable tuberculosis and make patients become chronic infection sources of tuberculosis.

The eradication of tubercle bacilli and the prevention of bronchostenosis are the two most substantial goals of EBTB treatment. To get treatment goals, the diagnosis of this disease must be established early and aggressive treatments must be performed before the disease progresses too far. In this study, by analyzing the cases of EBTB, we tried to find out some useful clues for the diagnosis of this disease, especially the early diagnosis.

Patients and methods
====================

Out of 1,222 patients diagnosed with pulmonary tuberculosis from 1995 to 2008 in the Chinese PLA General Hospital, a tertiary care center, 22 patients were diagnosed as EBTB. The diagnosis of EBTB was established with the combination of: positive acid-fast bacilli in sputum smear; histological tuberculous lesion confirmed by biopsy after bronchoscopy or pulmonary lobectomy; typical bronchial mucosal changes seen on bronchoscopy; clinical and radiological findings; treatment outcome.

All of these patients underwent the examinations of acid-fast bacilli in sputum smear, tuberculin skin test, chest radioscopy and bronchoscopy, 18 patients underwent the bronchoscopic biopsy, and 4 patients underwent the biopsy after pulmonary lobectomy. We reviewed these patient\'s medical records, radiological findings, bronchoscopic features and pathological changes, and retrospectivly analyzed these cases.

Results
=======

4 patients were male, 18 patients were female and the male-to-female ratio was 1:2.2 out of 22 patients. Their mean age was 46.8 years with a range from 23 to 82 years. 16 patients (72.7%) were younger than 60-years-old, and 6 patients (27.3%) were older than 60-years-old. 5 patients (22.7%) were smokers, including all of the 4 male patients and 1 female patient. The male-to-female ratio of smokers was 4:1. Their mean smoking history was 17-pack-year with a range from 10 to 30-pack-year. 15 patients (68.2%) undergoing the serologic examination of HIV antibody all tested negative.

The chief complaints were cough (95.5%), sputum (63.6%), shortness of breath (36.4%), fever (27.3%), hemoptysis (18.2%) and wheezing (13.6%). One patient was asymptomatic. The frequent signs were diminished breath sound (31.8%), respiratory rudeness (13.6%) and rhonchus (9.1%). 10 patients (45.5%) had negative signs. 3 patients (13.6%) had past history of tuberculosis. Most of these patients ever received antibiotic treatments, but were inefficacious. The duration of symptoms before visiting our hospital ranged from 7 days to 3 years, and the duration of 10 patients (45.5%) were longer than 3 months.

Radiological findings showed varied pulmonary lesions (Figure [1](#F1){ref-type="fig"}) in all of these patients except one who had normal chest radiograph. The pulmonary lesions occurred at the distinctive site of tuberculosis only in 4 patients (18.2%), and non-distinctive sites in 17 patients (77.3%). Multiple lobes were involved in 12 patients (54.5%), left lower lobe in 2 patients (9.1%), left lingual lobe in 1 patient (4.5%), right lower lobe in 1 patient (4.5%) and right middle lobe in 1 patient (4.5%). Larger-area exudative shadow (36.4%), atelectasis (27.3%) and multiple nodules (18.2%) were the common radiological findings. The thickening of the bronchial wall and pleural effusion could be seen in 3 patients (13.6%) and 2 patients (9.1%) respectively. Different radiological features could be often seen in the same patient.

![**Radiological findings showed varied pulmonary lesions in patients with EBTB**. The left: sheeted exudative shadows and nodules in bilateral middle and lower lung fields. The middle: atelectasis of right lung. The right: exudative shadows in right lower lung field.](2047-783X-15-7-309-1){#F1}

Acid-fast bacilli staining for sputum smear was positive in only 3 patients (13.6%). However, tuberculin skin tests were positive in 13 patients (59.1%) and the indurations of 11 patients (50.0%) were larger than 5 mm in diameter.

The forms of EBTB could be classified into seven subtypes by bronchoscopic features according to the previous studies \[[@B12],[@B13]\]. If multiple bronchial mucosal lesions occurred in the same patient, the most obvious lesion was the basis of classification. In our study, the granular type (31.8%) was the most common subtype, and followed by the nonspecific bronchitic (18.2%), the tumorous (13.6%), the fibrostenotic (13.6%), the edematous-hyperemic (9.1%), the actively caseating (9.1%) and the ulcerative (4.5%).

Histological changes showed distinctive tuberculose lesion in 72.2% of 18 patients undergoing bronchoscopic biopsy, and in all of the remaining 4 patients undergoing biopsy after pulmonary lobectomy.

Discussion
==========

EBTB is defined as the tuberculous infection of tracheobronchial tree. It can affect any part and layer of the tracheobronchial wall. The incidence of EBTB is increasing in recent years, especially with the impact of HIV infection \[[@B3],[@B14]\]. The pathogenesis of EBTB is not fully clear. Possible mechanisms include direct implantation of tubercle bacilli from parenchymal focus, direct infiltration from adjacent tuberculous mediastinal lymph node, rupture of tuberculous intrathoracic lymph node into the bronchus, lymphatic spread along the bronchial tree by lymphatic drainage, and hematogenous spread. Most EBTB cases have obvious pulmonary lesions, but 10% to 20% of the cases may have normal chest radiographs \[[@B15]\]. EBTB usually complicates the pulmonary lesions and simulates other diseases \[[@B15]-[@B18]\], and other diseases may also simulate EBTB \[[@B19]\], all of which can lead to delayed or mistaken diagnosis. Early diagnosis is more difficult in such patients with normal chest radiographs \[[@B20]\]. Delayed or mistaken diagnosis and treatments rise to the incidence of bronchostenosis which is relate to the degree, extent and duration of lesions before treatment \[[@B13]\]. To avoid delayed diagnosis and treatments, it is required to study the clinical manifestations of patients with EBTB.

In this study, only 22 patients were diagnosed as EBTB out of 1,222 patients with pulmonary tuberculosis. This was a very low ratio compared with the incidence rate reported previously \[[@B5],[@B6]\], which suggested EBTB was often overlooked by clinicians. Thus, a high index of awareness of this disease is required for early diagnosis, especially in patients with negative HIV test because 68.2% of these patients undergoing HIV test all tested negative in this study.

Usually, EBTB is more commonly observed in female patients, of which the reasons are unclear. The possible reasons may include that females do not expectorate sputum as well as males because of their thinner bronchcial lumens and the sociocultural and cosmetic backgrounds. In this study, EBTB showed likewise preponderance in female patients, consistenting with other studies \[[@B12],[@B13]\]. It is well-known that the incidence of EBTB is high in young patients. However, recent reports showed it was also high in elderly patients \[[@B21]\]. In this study, there were also 6 patients (27.3%) who were older than 60-years-old. The possible reasons of high EBTB incidence in elderly patients may include the diminished immune function causing reactivation of dormant tubercle bacilli and reinfection by new exogenous tubercle bacilli. Recent reports suggested that exogenous reinfection was a significant cause of tuberculosis in adults \[[@B22]-[@B25]\]. The high incidence of EBTB in female and elderly patients should be paid attention to.

It is well-known that smoking increases the risk for tuberculosis infection. However, it is unclear if smoking increases the incidence rate of EBTB. In this study, 5 patients (22.7%) including all of the 4 male patients and 1 female patient were smokers and the male-to-female ratio of smokers was 4:1. This suggested that smoking might be a predominant high risk factor for EBTB in males, but not in females.

The clinical manifestations of EBTB may be acute, insidious, or delayed \[[@B26]\]. In this study, the frequent complaints and signs were varied and no helpful to distinguish EBTB from other diseases, let alone such patients without symptoms and positive signs. In this study, only 18.2% of these patients presented hemoptysis, a frequent symptom of pulmonary tuberculosis. This suggested hemoptysis was also not helpful to the diagnosis of EBTB. However, the inefficacy of antibiotic treatments and the relatively long duration of symptoms might be clues for diagnosis of EBTB.

Most cases of EBTB have concurrent pulmonary lesions and the radiological findings are usually misleading. In our study, all of these patients presented varied pulmonary lesions except one with normal chest radiograph. Most pulmonary lesions of these patients located the non-distinctive site and showed no characteristics of tuberculosis. Multiple lobes lesion, exudative shadow and atelectasis were more commonly seen. These radiological findings could make it difficult to diagnose early. Computerized tomography may find the lesions of bronchus (Figure [2](#F2){ref-type="fig"}) and be helpful to the diagnosis of EBTB \[[@B27],[@B28]\].

![**Computer tomography of a patient with EBTB showed the wall thickening of left upper bronchi (arrow) and exudative shadow in left upper lobe**.](2047-783X-15-7-309-2){#F2}

One of the important diagnosis means of EBTB is bacteriologic confirmation. Freshly expectorated sputum of patients is the best sample to stain for tubercle bacilli. However, the incidence of positive acid-fast bacilli staining in sputum smear is low. In our study, Only 3 patients (13.6%) had positive acid-fast bacilli staining in sputum smear. An interesting finding in our study was that more than half of these patients (59.1%) had positive tuberculin skin tests. Positive tuberculin skin tests were not attributed to the vaccination of Bacille Calmette-Guerin after five years duration since the last vaccination because the effects of vaccination generally wane with time \[[@B29]\] and adults seldom received the vaccination. Thus, we consider that the positive tuberculin skin test is a valuable clue for early diagnosis of EBTB.

The bronchoscopic appearances (Figure [3](#F3){ref-type="fig"}) of EBTB could be classified into seven subtypes \[[@B12],[@B13]\]: the actively caseating (Bronchial mucosa was swollen, hyperemic and covered with a larger amount of whitish cheese-like material.), the oedematous-hyperaemic (Bronchial mucosal was severely swollen and hyperemic.), the fibrostenotic (Bronchial lumen narrowed obviously due to the fibrous hyperplasia and contracture.), the tumorous (Hyperplastic focal tissue formed an endobronchial mass like lung cancer.), the granular (Bronchial mucosa appeared severe inflammatory changes and rice-like nodules scattered in mucosa.), the ulcerative (Bronchial mucosa appeared ulcer.) and the nonspecific bronchitic (Bronchial mucosa only showed mild mucosal swelling and/or hyperemia). The subtype of the actively caseating is the most commonly seen as previously reported. However, in this study, the subtype of the granular (31.8%) was most commonly seen, which differed from other studies. One of the possible reasons of this difference may be different pathogenesis and subpopulation. In this study, the diagnoses of EBTB in 72.2% of 18 patients undergoing bronchoscopic biopsy were confirmed by histological examination. This revealed bronchoscopic biopsy was a very valuable method for the diagnosis of EBTB, even in the patients with negative acid-fast bacilli staining in sputum smear. Other bronchoscopic procedures such as bronchoalveolar lavage, brushings, needle aspiration and endobronchial ultrasonography can also be used to increase the diagnostic success \[[@B30]-[@B35]\].

![**Bronchoscopic appearances of seven subtypes of EBTB**. A: the actively caseating. B: The oedematous-hyperaemic. C: The fibrostenotic (arrow). D: The tumorous. E: The granular. F: The ulcerative (arrow). G: The nonspecific bronchitic.](2047-783X-15-7-309-3){#F3}

In conclusion, the diagnosis of EBTB is easily delayed or mistaken because of nonspecific clinical manifestations, misleading radiological findings and the low incidence of positive acid-fast bacilli staining. A high index of awareness is required for the diagnosis of this disease, especially the early diagnosis. The symptoms of refractory cough, sputum, shortness of breath, hemoptysis or wheezing, the signs of diminished breath sound, respiratory rudeness or rhonchus and the radiological findings of multiple lobes lesion, exudative shadow or atelectasis should be suspected caused potentially by EBTB. Bronchoscopy should be performed as soon as possible in suspected patients, especially when patients present the relatively long duration of symptoms, positive tuberculin skin test or no response to antibiotic treatments. If the diagnosis is not confirmed by pathological and bacteriological findings after repetitious biopsies and bacteriologic examinations, the diagnosis of EBTB should be established by the combination of clinical, radiological and bronchoscopic findings for early empirical treatments to avoid fibrous bronchostenosis.
